Introduction {#S0001}
============

Incomitant heterotropia describes an anomaly of binocular vision in which the angle of deviation varies depending on which eye is fixing, with deviation typically greater when the habitually deviated eye fixates.[@CIT0001] Incomitant heterophoria describes a varying angle of deviation at varying directions of gaze when there is no demand for binocular fusion in patients with normal binocular vision.[@CIT0002]--[@CIT0004] Incomitance is present in 13% of heterotropia cases but much less common in heterophoria.[@CIT0002],[@CIT0004] Incomitance in heterotropia is usually secondary to physical damage to muscle tissue;[@CIT0003],[@CIT0005]-[@CIT0007] or muscle dysfunction associated with innervational deficiencies;[@CIT0008]--[@CIT0011] or congenital due to a developmental anomaly of the motor system.[@CIT0012] Treatment options for heterotropia include extraocular muscle surgery, yoked vertical prisms (with or without additional base-in horizontal prisms), and visual therapy/vision training.[@CIT0003]

Heterophoria is typically measured clinically in primary gaze position (straight-ahead) for both distance and near fixation, though normal daily activities involve head and eye positions that vary from primary position.[@CIT0004]

Horizontal deviations can present as incomitant deviations called alphabet patterns, commonly A and V patterns in which a significant increase or decrease in the angle of deviation is noted between an upgaze and downgaze. Occasionally, alphabet patterns may exist without a primary angle deviation.

In V pattern there is a marked increase in divergence on upgaze (more exotropia) and a marked increase in convergence on downgaze (less exotropia). In A pattern there is a marked increase in convergence on upgaze (more esotropia) and a marked increase in divergence on downgaze (less esotropia). Although some incomitant heterophorias could be regarded as a normal physiological deviation, A patterns are considered abnormal physiological variants by some,[@CIT0003] and their existence (physiological or not) can be associated with abnormal head postures[@CIT0003],[@CIT0007] and/or symptoms.[@CIT0003] There are other forms of alphabet patterns such as X pattern in which there is increase in divergence in both up- and downgaze;[@CIT0013] diamond pattern in which there is an increase in convergence in up- and downgaze; Y pattern in which there is an increase in divergence on upgaze and no significant difference between the primary position and downgaze;[@CIT0009] and arrow pattern in which there is an increase in divergence on downgaze and no significant difference between the primary position and upgaze,[@CIT0011] although these last two forms may be variants of the classic A and V patterns.[@CIT0011],[@CIT0014] A V pattern is defined as a difference between upgaze and downgaze that is equal or greater than 15 prism diopters (pd), whereas an A pattern is defined as a difference equal or greater than 10 pd.[@CIT0003],[@CIT0011] The higher criterion adopted for the V pattern stems from the fact that there is a physiological tendency for the eyes to diverge in upgaze.[@CIT0014] It must be noted that these values are arbitrary and in fact it has been suggested that a V pattern exists when the difference is 10 pd in heterophoric[@CIT0003] and heterotropic[@CIT0015] patients.

A and V patterns are most common in patients with heterotropia, with a reported prevalence between 12% and 50%.[@CIT0016],[@CIT0017] They are also common in Duane's retraction syndrome and in Brown's syndrome.[@CIT0014] Asthenopia and diplopia are the most common symptoms of those with incomitant strabismic deviations[@CIT0003],[@CIT0018] and patients may present with mongoloid features[@CIT0003] or compensatory head posture.

However, to the best of our knowledge, the relationship between incomitant deviation in elevation and depression in patients without strabismus, and symptoms has not been investigated. Therefore, the aim of this study was to determine and analyze cases of alphabet patterns in a cohort of patients without heterotropia presenting to the optometry department clinics or community- based practice and to test whether the alphabet patterns are in any way related to symptoms.

Methods {#S0002}
=======

Study Population {#S0002-S2001}
----------------

This study was conducted in the Optometry Clinic of Hadassah Academic College and at Rachel Roth community-based Eye Clinic, both in Jerusalem, Israel between June 2015 and September 2016. Both clinics are routine refraction clinics and not clinics that specialize in heterotropia. Patients with systemic or ocular diseases and any history of eye surgery, amblyopia, constant heterotropia, partial low vision (best-corrected distance and near visual acuity of less than 6/9), nystagmus, trauma, visual field loss, or unable to complete the questionnaire were not included in the study. Patients unable to exhibit reliable retinoscopic or subjective refractive results, or those with inadequate fixation during the cover test were also excluded. Of the 129 volunteers, seven were excluded because they did not meet inclusion criteria. Therefore, 122 patients (53 men, 69 women, mean age: 37 ± 16 years, range: 14--75) were included in the analysis. Of these, 60 patients were seen at Hadassah Academic College and 62 at Rachel Roth clinic. The study was approved by the Ethics Committee of Hadassah Academic College and was conducted in accordance with the Declaration of Helsinki. An explanation was given to patients attending the clinic and those who volunteered signed a statement of informed consent. For participants younger than 18 years (eight participants), a parent also signed the consent form.

Questionnaire {#S0003}
=============

Prior to the eye examination patients were asked to complete a Convergence Insufficiency Symptoms Survey (CISS) questionnaire.[@CIT0019]--[@CIT0021] The questionnaire was designed to quantify the severity of symptoms and to monitor these before and after convergence insufficiency (CI).[@CIT0019] It has been shown to be reliable and valid in distinguishing symptomatic patients with CI from those with normal binocular vision.[@CIT0019],[@CIT0021],[@CIT0022] It has been shown not to be specific for CI[@CIT0023] and has been used previously to assess visual symptoms not specifically associated with CI. For example, it has been used to assess symptoms associated with general binocular vision anomalies,[@CIT0024] to assess eyestrain during prolonged viewing of smartphones,[@CIT0025] to assess symptoms after viewing stereoscopic displays,[@CIT0026] and to assess symptoms associated with Parkinson's Disease.[@CIT0027] The questionnaire comprises 15 questions to which the patient must respond with one of four answers (infrequent, sometimes, fairly often, always) and from which a total score is established.

Procedures {#S0004}
==========

All measurements were performed by the same examiner (GR). Testing included distance Snellen visual acuity, near point of convergence (NPC) break and recovery with a tip of a pen, distance and near heterophorias using prism-neutralized cover testing, and positive fusional vergences (BO) (blur, break and recovery). The refractive status of each eye was then determined with non-cycloplegic retinoscopy and standard subjective techniques including binocular balance method with alternatives such as polaroid, Humphriss Immediate Contrast test, and alternate occlusion (in that order), as needed. If a patient wore a near correction, the preliminary tests were performed with the correction in place.

A modified Royal Air Force (RAF) rule with colored stickers affixed to a vertical bar as targets ensured that the exact angle for gaze testing was achieved and maintained. Three positions of gaze were measured, at a near testing distance, and without correction in order to eliminate prismatic effects of viewing through spectacle correction. The three directions included upgaze, primary gaze (straight-ahead) and downgaze with a prism bar or loose prisms. The upgaze and downgaze positions were measured at 45 degrees from the primary position. This angle was chosen to maximize possible changes in heterophoria as was done in several studies.[@CIT0003],[@CIT0028],[@CIT0029] Two measurements were made at each gaze position and the findings were averaged. The entire examination duration was approximately 45 mins.

Data Analysis {#S0005}
=============

Data were entered into an excel spreadsheet for subsequent analysis. Data were analyzed for the entire group (all ages), and as two separate age groups (young group: 14--39 years old, and presbyopic group: 42--75). When analyzed as one data set, normality was assessed using the Anderson--Darling test. Normally distributed data were analyzed using Student's *t*-tests and Pearson correlation coefficients. For variables that were not normally distributed, non-parametric tests such as the Mann--Whitney *U*-test and Spearman rank correlation test were used. When analyzed as two separate age groups, an ANOVA test was used with one factor (age) and a Chi Square was applied (examining prevalence of V-pattern exophoria as a binary measure). Excel and SPSS software were used for the statistical analysis. Values of p\<0.05 were considered significant.

Results {#S0006}
=======

The data from 60 patients from the Hadassah Academic College clinics and 62 patients from the Rachel Roth clinics were compared with regard to the difference in the values of heterophoria during upgaze versus downgaze, heterophorias (distance and near) and CISS scores, and were not found to be significantly different (see [Table 1](#T0001){ref-type="table"}). Hence, the data from both clinics were analyzed as one sample. Table 1Characteristics of Outcome Measures at Rachel Roth (RR) and Hadassah Academic College (HAC) ClinicsDeviation Up--Deviation DownDistance HeterophoriaNear HeterophoriaCISS ScoreMeanStdevMeanStdevMeanStdevMeanStdevRR4.495.071.003.654.676.4413.588.96HAC3.034.030.453.025.205.4714.778.60P value0.080.360.630.46

Of the sample of 122 patients, 75 were 14 to 39 years of age (mean age: 25 ± 6) and 47 were 42 to 75 years of age (mean age: 55±8). Because the prevalence of Vxp is a binary variable, a ChiSquare test was performed to examine the relationship between age and prevalence of Vxp. The relationship between these variables was not significant (*X*^2^~(1,\ N=122)~= 1.03, p=0.31) indicating no difference between the presbyopic and non-presbyopic groups. Additionally, the difference between the heterophoria value at upward and downward gaze (used to determine the alphabet pattern) between the presbyopic and non-presbyopic groups was not significantly different (Mann--Whitney *U*-test, p=0.13). The only variable that was significantly different between the young and presbyopic populations was the near heterophoria (mean difference: 3.35 pd; 95% Confidence Interval, −5.4 to 1.27; p = 0.002). This is consistent with other studies who report that near heterophoria becomes more exophoric with age in presbyopes.[@CIT0030] Therefore, the data from non-presbyopic and presbyopic populations were also analyzed as one sample.

None of the patients presented noticeable head tilt, craniofacial or neuromuscular abnormalities. Of the 122 patients, 12 (9.8%) presented with a Vxp ≥10 pd of which three had Vxp pattern of ≥15pd (2.5%) and nine had a Vxp of 10--14pd. In addition, one case resembled an X pattern and another resembled a diamond pattern (See Appendix A). Another 10 were considered Vxp suspect because of a measured upgaze vs downgaze heterophoria difference ≥8 and one was a diamond suspect. The suspect cases were not included in the analysis nor were the two odd alphabet patterns. Interestingly, no case of A pattern was detected. Hence, all data of Vxp were analyzed as one sample. The Vxp values of the 12 cases ([Table 2](#T0002){ref-type="table"}) were not significantly correlated with either the distance or near heterophoria (Spearman's r = 0.24, 95% Confidence Interval −0.37 to 0.71; p =0.45 and r = 0.243, 95% Confidence Interval −0.38 to 0.72 p = 0.45, respectively) or the CISS scores (Spearman's r = 0.19, 95% Confidence Interval −0.42 to 0.68; p = 0.56). The near heterophoria was not significantly different from the primary gaze heterophoria measurement for patients without Vxp (mean difference: 0.90 pd, 95% Confidence Interval of the difference in means −0.53 to 2.32, p = 0.25) and for Vxp patients (mean difference: 2.58 pd, 95% Confidence Interval of the difference in means −3.20 to 7.30, p = 0.43). Table 2Comparison Between Patients With and Without VxpVxp, n= 12Lower 95% Confidence IntervalUpper 95% Confidence IntervalMean (SD) heterophoria upgaze- downgaze12.92 (2.15)11.5514.28Mean (SD) spher. equiv. Right−3.41 (3.02)−5.32−1.49Mean (SD) spher. Equiv. Left−3.79 (2.80)−5.57−2.01Mean (SD) distance phoria2.75 (4.07)0.165.34Mean (SD) near phoria7.21 (7.69)2.3212.10Mean (SD) NPC Break3.92 (10.60)−2.8210.65Distance BO Blur4.83 (7.02)0.379.29Distance BO Break22.58 (9.10)16.8028.37Distance BO Recovery6.6 (5.27)3.259.95Near BO Blur3.83 (9.74)−2.3610.02Near BO Break28.33 (10.18)10.3346.34Near BO Recovery11.30 (8.71)4.1218.48CISS Mean (SD)11.00 (7.11)6.4815.52

There was no significant correlation between the upgaze-downgaze values of the 108 patients without Vxp and their CISS scores (r =0.02, 95% Confidence Interval −0.016 to 0.21; p = 0.82). Comparing the non-Vxp and Vxp groups using the multiple comparison Bonferroni correction to the 14 variables only p-values \<0.003 were considered significant. As such, there was no significant difference between the non-Vxp and Vxp groups in the refraction, distance and near heterophoria, NPC, distance and near BO values and CISS scores ([Table 3](#T0003){ref-type="table"}). As expected, the mean difference between the heterophoria measured in upgaze vs downgaze of the non-Vxp and Vxp groups was significantly different. Only one patient with a Vxp pattern had a remote NPC but a normal CISS score although the exophoria at near exceeded that at distance by 5.5 pd, and four non-Vxp patients had NPC ≥10 cm but normal CISS and near heterophoria values. Although the mean CISS value was higher in the Vxp than in the non-Vxp (14.57 vs 11.00 (mean difference 3.60, 95% Confidence Interval −1.70 to 8.90) the difference was not significant (p = 0.19). Table 3Comparison Between the Non-Vxp and Vxp PatientsNon-Vxp, n= 108Vxp, n= 12P value\*Mean age (SD)36.97 (16.42)35.08 (15.37)0.70Range14--7519--55Mean (SD) phoria up- downgaze2.64 (3.51)12.92 (2.15)\<0.001Mean (SD) spher. equiv. Right−3.24 (3.34)−3.41 (3.02)0.77Mean (SD) spher. Equiv. Left−3.13 (3.28)−3.79 (2.80)0.43Mean (SD) distance phoria0.43 (3.12)2.75 (4.07)0.03Mean (SD) near phoria4.64 (5.70)7.21 (7.69)0.27Mean (SD) NPC1.43 (4.22)3.92 (10.60)0.80Mean (SD) BO distanceBlur8.11 (8.81)4.83 (7.02)0.25Break19.69 (8.81)22.58 (9.10)0.52Recovery9.04 (6.56)6.6 (5.27)0.26Mean (SD) BO nearBlur7.65 (11.44)3.83 (9.74)0.23Break23.01 (9.22)28.33 (10.18)0.16Recovery10.65 (8.04)11.30 (8.71)0.96CISS Mean (SD)14.57 (8.92)11.00 (7.11)0.22[^1]

Discussion {#S0007}
==========

It is well documented that alphabet patterns are present in horizontal strabismus at the primary position.[@CIT0018] The percentage varies between 12% and 50%,[@CIT0016],[@CIT0017],[@CIT0031],[@CIT0032] but on average it is reported to occur in about 25% of patients with strabismus.[@CIT0015],[@CIT0017] In patients with strabismus at primary position, the most common pattern is V pattern esotropia.[@CIT0017] However, the present study demonstrates the existence of alphabet patterns, especially V pattern exophoria, in a group of patients free of strabismus in primary position. Although it had been noted anecdotally by some[@CIT0012] and reported by others[@CIT0002],[@CIT0029] this is, to the best of our knowledge, the first systematic determination of Vxp that examines symptomology in such a group of patients. [Table 4](#T0004){ref-type="table"} summarizes two previous research studies as well as the present study reporting alphabetical patterns in samples of patients without strabismus at primary gaze. It is important to note that the definitions of alphabetical deviations used by the studies are not uniform thus it is difficult to compare directly. For example, Stuart & Burian[@CIT0002] reported all differences between upgaze and downgaze at 20 and 40 degrees that were greater than 1 pd without reporting raw values that would allow to adopt the same definition as the present study (deviations greater than 10 pd). Magee[@CIT0029] did not specify the angle of the gaze and the testing distance. Table 4Reported Prevalence of Alphabetical Deviations in Patients Without Strabismus at Primary PositionN(Total)N (Alphabetical Patterns)ClassificationStuart and Burian[@CIT0002]10085Deviations greater than 1 pd at 33 cm.Magee[@CIT0029]1004Deviations greater than 10 pd.\
Testing distance not stated, angle of upgaze or downgaze not stated.Present Study12214Deviations greater than 10 pd at 40 cm.[^2]

Our results are not negligible; out of 122 patients, three presented a Vxp of 15 pd or more and another nine with a difference of ≥10 pd. In addition, one patient showed a clear resemblance to a diamond pattern and another patient, an X pattern. These results are similar to a study in which out of 100 non-strabismus patients several patients had Vxp deviations of up to 18 pd in near fixation (33cm) and at 40° upgaze and downgaze,[@CIT0002] as well as in another study in which three cases were found with Vxp ≥10 pd of which two ≥15 pd in 100 non-strabismus patients.[@CIT0029] There is no criterion value regarded as diagnostic of these conditions. Most authors regard a difference of 15 pd or greater as diagnostic of a V pattern. Other studies have suggested a difference of 10 pd but this figure is actually arbitrary.[@CIT0003],[@CIT0015] On the basis of 15 pd, our results show a proportion of 2.5%, but if the results include 10 pd, it becomes 9.8%. When all alphabetical patterns measured in extreme positions of gaze are considered the prevalence increases to 11.5%.

The reason why we detected many cases of alphabet patterns can be related to the extreme angle of measurement of the up and downgaze (45°) compared to the commonly used angle of 25--30°,[@CIT0018] although 40° was previously used by Stuart & Burian[@CIT0002] in a sample of patients without strabismus at primary gaze. Greater angles could lead to artificial deviations or pseudodeviations.[@CIT0029] In strabismus patients, it has been shown that measuring at extreme angles such as 45° in upgaze and 55° in downgaze results in a mean increase of 5 pd in V pattern compared to measurements made at 25°.[@CIT0030] Similarly, a study examining heterophoria of six patients at primary gaze, 20 degrees upgaze, and 20, 40, and 60 degrees downgaze found that the heterophoria varies by approximately 4 pd with gaze position.[@CIT0032] This result was confirmed in another study in which the mean increase was 4 pd.[@CIT0028] Differences in the range of 4 pd are much lower than values that can be considered alphabetical patterns. This could explain why Jampolsky[@CIT0033] suggested that the diagnosis of A and V patterns should be based on extreme angles of gaze positions. Still, there is no study to establish which angle of measurement is best for strabismus management but surgical correction of a known large pattern would likely provide fusion in more positions of gaze.[@CIT0029]

The extreme up-gaze and down-gaze angles in combination with the myopic refractive error could have also impacted our findings. Specifically, a long axial length of the globe that encounters the curved orbital wall in extreme gazes could impact the gaze deviation. However, as seen in [Table 3](#T0003){ref-type="table"}, the spherical equivalent refractive error of the right and left eyes of the 12 Vxp patients was not significantly different than the non-Vxp patients, both being myopic, and differing by less than a Diopter. Therefore, the globe axial length is not likely to account for our findings, though cannot be precluded without ocular biometry measurements.

The aetiology of V patterns in strabismus is uncertain, although it has been suggested to be due to an overaction of the inferior oblique muscles, accompanied by overaction of the superior rectus muscles which partially abduct the eyes in upgaze,[@CIT0034] and of the lateral rectus muscles which contribute to elevation in upgaze.[@CIT0031] It is worth noting that there does not appear to be a proven mechanism and it is alternatively possible that the alphabet patterns are iatrogenic and induced by strabismus surgery. However, overaction of the inferior oblique is consistent with extorsion typically seen in a patient with a V pattern.[@CIT0018] It is not known whether the same process occurs in patients without strabismus at primary gaze, but it is plausible that a mild aspect of the aforementioned aetiology prevails in Vxp patients free of strabismus like the patients of the present study.

Only one patient with an alphabet pattern presented with convergence insufficiency as would be detected by the following four signs:[@CIT0019] Convergence Insufficiency Symptoms Survey (CISS) score above 21, near point of convergence farther than 6 cm, exophoria at near at least 4 prism diopters larger than the exophoria at distance and BO break lower than 15 prism Diopters. Moreover, there was no significant correlation between the Vxp values and CISS scores in the group of 12 patients with the Vxp pattern. In fact, all but one of the patients with an alphabet pattern had a CISS score \<21 which is considered asymptomatic of convergence insufficiency in individuals older than 18 years of age.[@CIT0019]

None of the patients with Vxp assumed a chin-up head posture, but this is not surprising since only a small percentage of patients with strabismus with a V pattern assume an abnormal head position (9% according to Kushner).[@CIT0034] Additionally, the patients with Vxp did not report blur or diplopia when reading. Hence, it is inferred that the detected heterophoria may be considered compensated.

There are limitations to this study. The proportion of patients found with an alphabet pattern cannot necessarily be regarded as a prevalence of the general population but only of that existing in this sample of patients who were seen in two optometric practices and were not recruited randomly since they volunteered. Indeed, some of the patients had shown an indication of an incomitant deviation with the cover test during routine examination and were asked to volunteer. However, as mentioned in the study methods, these clinics are routine refraction clinics and not clinics that specialize in strabismus. It may be inferred that the Vxp determined in this study may not reflect reality because it was measured without the patient's correction, as was actually performed by others.[@CIT0002],[@CIT0004] However, these measurements were made at near and adjusting spectacles is not only cumbersome but may induce prismatic or optical distortions and at near the target is magnified and the effect of blur is thus mitigated. The difference with and without correction in up- and downgaze is likely to be very small since there was no significant difference in the primary gaze position. Nevertheless, more research is needed to evaluate this possible discrepancy.

Another possible limitation of the study is that the inclusion criteria did not include extraocular motility testing, stereopsis, suppression, or double Maddox rod testing that would preclude binocular vision anomalies. However, cover-uncover testing, fusional vergence ranges and NPC tests were carried out. As such, suppression would have been detected in the fusional vergence ranges and NPC testing. The cover-uncover testing would have detected strabismus. Brown's Syndrome which is typically noticeable with adduction and upward gaze[@CIT0035] would have been diagnosed with NPC testing as well as on upgaze with the RAF rule with covering of the fellow eye. Similarly, Duane's retraction syndrome also would have been diagnosed with adduction during NPC testing.[@CIT0036] We are therefore confident that the participants of the study did not have strabismic extraocular muscle abnormalities which would have appeared during fusional vergence range or NPC testing. Finally, we did not assess the accommodative amplitude of the patients and cannot rule out that the symptoms reported are associated with accommodative anomalies. In fact, 22 of the non-Vxp subjects had CISS scores higher than 21 and only one patient with Vxp indicating that perhaps symptomatology is more frequent in the non-Vxp patients. In the future, the experiment can be repeated on a cohort of non-presbyopes with accommodative amplitudes within their age-dependent norms.

An additional possible limitation may be the inclusion of a wide range of ages in the sample. It could be argued that younger populations can accommodate and this can affect their heterophoria value.[@CIT0030],[@CIT0037],[@CIT0038] Of the 12 Vxp patients, five were presbyopic. However, there was no significant difference between the presbyopic and non-presbyopic groups as stated in the results section.

In conclusion, this study shows that in a small cohort of 122 patients free of strabismus at primary gaze, a V pattern is the most common type of alphabet pattern, albeit to a much smaller extent than in patients with strabismus, confirming the results of other similar studies.[@CIT0002],[@CIT0007],[@CIT0039] It also demonstrates that the V pattern heterophoria is not associated with symptoms of convergence insufficiency.
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[^1]: **Note:** \*Mann--Whitney *U*-test.

[^2]: **Notes:** [Table 4](#T0004){ref-type="table"} lists the study (first column), total number of participants (N), number of participants with a reported alphabetical pattern (N(Alphabetical Patterns)), and Classification (definition used to classify a patient as having an alphabetical pattern).
